Background Serum prealbumin (PALB) can predict the prognosis of patients with gastric cancer (GC). However, the prognostic value of combination of C-reactive protein and PALB (CRP/PALB) remains unclear. Methods A total of 419 gastric cancer patients included in a clinical trial (NCT02327481) were analyzed. The present study is a substudy of the trial. Receiver operating characteristic (ROC) curves were generated, and by calculating the areas under the curve (AUC) and the C-index, the discriminative ability of each inflammatory index was compared, including CRP/ PALB, C-reactive protein/albumin, Glasgow prognostic score (GPS), modified GPS, systemic immune-inflammation index, neutrophil-lymphocyte ratio, and platelet-lymphocyte ratio. Results Ultimately, 401 patients were included in this study. The optimal cutoff value of CRP/PALB was 17.7. According to this cutoff point, the entire sample was divided into a CRP/PALB < 17.7 (LCP) group and a CRP/PALB ≥ 17.7 (HCP) group, comprising 245 and 156 patients, respectively. There were 54 and 22 patients experienced recurrence in the HCP and LCP group, respectively, p < 0.001. Compared with traditional inflammatory indices, CRP/PALB had the highest AUC (0.707) and C-index (0.716), all p < 0.05. The post-recurrence survival (PRS) of patients in the HCP group was significantly shorter than that in the LCP group (p = 0.010), especially for pathological stage III patients (p = 0.015) or patients with distant (p = 0.018) or local (p = 0.023) recurrences. Conclusions The predictive value of preoperative CRP/PALB for the recurrence of GC is significantly better than traditional inflammatory indices. HCP significantly reduces the PRS, especially for pathological stage III patients or patients with distant or local recurrences.
Introduction
Gastric cancer (GC) is the fifth-most common malignancy in humans and ranks third in tumor-related mortality [1] . Although scholars have worked hard to improve the diagnosis and treatment of GC, the recurrence rate of patients with GC is still high, and long-term survival is still not optimistic. It is imperative to explore new promising prognostic indicators.
In 1863, Virchow first discovered the relationship between inflammation and cancer [2] . Subsequently, more and more scholars carried out related research. Many studies have shown that inflammatory indices, such as the neutrophil-lymphocyte ratio (NLR) and the systemic immuneinflammation index (SII), are independent prognostic factors for GC, and platelet-lymphocyte ratio (PLR) is closely related to postoperative peritoneal metastasis [3] [4] [5] . It is expected that the combination of TNM stage and inflammatory index could better predict the prognosis of patients with GC. Liu found that C-Reactive protein/Albumin (CRP/ ALB) was superior to traditional inflammatory indices in predicting long-term survival of GC [6] . Studies have shown that prealbumin can be used as a parameter of nutritional status evaluation [7] and is superior to albumin (ALB) [8] . What's more, prealbumin is also associated with postoperative recovery [9, 10] and is an independent predictor of prognosis in patients with malignancies [11] [12] [13] [14] . However, the sample size of the previous studies was small, and they did not explore whether prealbumin was associated with postoperative recurrence after radical gastrectomy. Therefore, according to the above theoretical basis, we hypothesized that PALB could substitute for ALB to combine with CRP to construct a new inflammatory index: CRP/prealbumin ratio (CRP/PALB). In addition, the present study used prospective clinical trial data to investigate whether CRR/PALB could effectively predict postoperative recurrence of GC and compared the predictive value with traditional inflammatory indices.
Materials and methods

Patients
Between January 1, 2015 and April 1, 2016, a total of 438 patients admitted to Fujian Medical University Union Hospital were recruited to the trial, and 419 patients were included in the final analysis. (ClinicalTrials.gov number NCT02327481) [15] . The details about inclusion, exclusion, quality control and randomization have been previously reported [15, 16] . The prospective, phase 3 randomized controlled trial (RCT) was conducted to determine whether the use of 3D laparoscopic gastrectomy would shorten the operation time compared with the use of the traditional 2D procedure. This RCT was conducted in accordance with the protocol that was approved by the institutional review boards of our hospital. All candidates were well informed and gave their full consent after they had received a verbal explanation of the study and an informational document [15, 16] .
The present study is a sub-study of the RCT. After excluding ten patients with neuroendocrine carcinoma, six patients with palliative surgery and two patients without evidence for GC, the present analysis was restricted to 401 patients for whom curative gastrectomies were performed and for whom postoperative pathology confirmed stage I, II, or III gastric adenocarcinoma (pT 1-4a N 0-3 M 0 ) according to the 7th American Joint Committee on Cancer staging [17] .
Definitions
Preoperative measurements of complete blood counts (CBC), CRP, ALB and PALB were derived within the 7 days prior to surgery. All the blood were recorded from the same sample.
Glasgow prognostic score (GPS): 0: CRP ≤ 10 mg/L and ALB ≥ 35 g/L; 1: CRP > 10 mg/L or ALB < 35 g/L; 2: CRP > 10 mg/L and ALB < 35 g/L [18] .
Modified Glasgow prognostic score (mGPS): 0: CRP ≤ 10 mg/L and any levels of ALB concentration; 1: CRP > 10 mg/L and normal levels of ALB (≥ 35 g/L); 2: CRP > 10 mg/L and ALB < 35 g/L [19] .
NLR the ratio of the number of neutrophils to the number of lymphocytes.
PLR the ratio of the number of platelets to the number of lymphocytes.
SII SII = platelets*NLR [4] . CRP/ALB The CRP level divided by the ALB level. CRP/PALB The CRP level divided by the PALB level.
Recurrence Recurrence was diagnosed with radiologic findings or biopsies of suspicious lesions. The recurrencefree survival period (RFS) was defined as the period from the date of surgery to the date of recurrence or last followup without recurrence. For RFS, patients who died without known tumor recurrence were censored at the last documented evaluation. Recurrence patterns were classified as local recurrence (LR) (anastomotic or gastric remnant), lymph node (LN) and distant metastasis (DM) (peritoneal, hepatic, pulmonary, or other sites of metastatic disease) [20, 21] . Post-recurrence survival (PRS) was defined as the period from first recurrence to either death or the last follow-up.
Follow-up
The cutoff date for this analysis was April 2018, at which time all patients had reached a minimum of 24 months of follow-up, with a median follow-up of 24 (range 3-35) months since randomization. Postoperative follow-ups were performed every 3 months for 2 years, and then every 6 months from years 3 to 5. Most routine patient follow-up appointments included a physical examination, laboratory tests, chest radiography,
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abdominal ultrasonography or CT and an annual endoscopic examination.
Statistical analysis
Continuous variables are reported as means ± SD. Categorical and continuous variables were compared using a χ 2 test or Fisher's exact test and a t test, respectively. Receiver operating characteristic (ROC) curves and time-dependent ROC curves were generated, and the C-index was calculated to evaluate the discriminative ability of the inflammatory indices. The optimal cut-off values of CRP/PALB and traditional inflammatory indices were obtained through ROC curve. By calculating the Youden index corresponding to different cut-off values of each inflammatory index in the ROC curve, and the corresponding cut-off values of the maximum value of Youden index were used to divide the patients into two groups [22] . The time-dependent ROC curve analysis is an extension of the ROC curve, which assesses the discriminatory power of continuous variables for time-dependent disease outcomes [23] . Differences between the C-index and areas under the curve (AUC) were compared. RFS was assessed using the Kaplan-Meier method. Cox proportional hazards regression model was used to identify the independent predictors associated with RFS. Variables with a value of p < 0.05 in the univariate analysis were subsequently included in a multivariate analysis. Statistical analyses were performed using SPSS v.18.0 for Windows (SPSS Inc., Chicago, IL, USA) and R (https ://www.r-proje ct.org/). p values less than 0.05 were considered statistically significant.
Results
Clinicopathological characteristics
The characteristics of the patients (n = 401) are listed in Table 1 . The optimal cut-off point for preoperative CRP/ PALB for postoperative recurrence was obtained by ROC curve, which was 17.7, and the entire sample was divided into a low CRP/PALB (LCP) group (CRP/PALB < 17. 
Comparing the recurrence prediction value of CRP/ PALB with traditional inflammatory indices
To compare the predictive power of CRP/PALB with other inflammatory indices for postoperative recurrence, we established ROC curves for all inflammatory indices (Supplemental Fig. 1) . By comparing the AUC and C-index of each inflammatory index, it was confirmed that CRP/ PALB had the highest AUC (0.707) and C-index (0.716), all p < 0.05. In addition, we constructed the time-dependent ROC curves for both CRP/PALB and CRP/ALB and found that the AUC of CRP/PALB was persistently superior to CRP/ALB throughout the observation period (Table 2 ; Fig. 1 ). Figure 2 shows a comparison of postoperative recurrence patterns between the HCP and LCP groups. A total of 54 patients (34.6%) and 22 patients (9.0%) had postoperative recurrences in the HCP group and LCP group, respectively, p < 0.001. Stratified analysis found that the incidence of DM, LN, and LR was significantly higher in the HCP group than those in the LCP group (26.3% vs 6.5%, 15.4% vs 2.4%, 6.4% vs 1.6%, respectively), all p < 0.05.
Comparison of recurrence patterns between 2 groups
Comparison of recurrence time between 2 groups
The average recurrence time was 10.1 months in the HCP group and 17.7 months in the LCP group, p < 0.001. Stratified analysis found that the average recurrence time of DM and LR were significantly earlier in the HCP group than in the LCP group (9.5 vs 17.2 months, p < 0.001; 11.3 vs 23.0 months, p = 0.006, respectively) (Supplementary Table 1 ).
Univariate and multivariate analyses of factors associated with recurrence-free survival
Univariate analysis of RFS in the whole sample revealed that tumor size, pTNM stage, differentiation type, lymphovascular invasion, reconstruction methods, GPS, mGPS, SII, NLR, CRP/ALB, CRP/PALB were related to RFS. Further multivariate analyses revealed that NLR, CRP/PALB, pTNM stage, and lymphovascular invasion were independent risk factors for postoperative recurrence (Table 3) .
Incorporation of preoperative CRP/prealbumin levels into conventional model
According to the results of multivariate analysis, a new prognostic prediction system (model A) was established by combining preoperative CRP/PALB, NLR, pTNM stage and lymphovascular invasion. The results showed that the C-index of model A was significantly higher than that of the prognostic prediction system without CRP/PALB (model B). The C index was 0.846 (95% CI 0.810-0.882) and 0.795 (95% CI 0.756-0.833), respectively, p < 0.001.
Stratified analysis of recurrence-free survival and overall survival
As Fig. 3a shows, the RFS of the HCP group was significantly lower than that of the LCP group (65.4% vs 87.3%, p < 0.001). According to the 7th AJCC-TNM staging system, Fig. 2A-D) .
Post-recurrence survival
Among the 76 patients diagnosed with recurrence, the mean PRS was 7 months. Figure 4a shows that the PRS of patients in the HCP group was significantly shorter than that of the LCP group, p = 0.010. Since the number of recurrences in the patients with p I and II stages were small, with only 3 and 4 cases, respectively, patients with recurrence were divided into p I-II and p III stages. Survival curve analysis in p I-II patients revealed a similar PRS between the HCP group and the LCP group (Fig. 4b) , p = 0.304. In the p III stage, PRS was significantly shorter in the HCP group than the LCP group (Fig. 4c) , p = 0.015. In addition, patients with recurrence were further stratified into three groups: DM, LN and LR. Stratified analysis showed that in the HCP group with DM or LR, the PRS was significantly shorter than the LCP group, and p values were 0.018 and 0.023, respectively. For patients with LN, no significant difference was observed in PRS between the HCP group and the LCP group, p = 0.329. (Fig. 4d-f ).
Discussion
Since Virchow first discovered the relationship between inflammation and cancer [2] , more and more evidence showed that tumor progression was not only related to the intrinsic properties of tumor cells but also inseparable from the body's inflammatory immune response [24] . The characteristics of cancer-associated inflammation include the infiltration of inflammatory cells and the production of inflammatory factors in tumor tissues, tissue remodeling, tissue repair, and angiogenesis [25] . Inflammatory indices derived from the CBC, such as NLR, PLR, and SII, were considered to be associated with a tumor-promoting role (neutrophil, platelet) or an anti-tumor system (lymphocyte) [26, 27] . These theories led to an in-depth study of these inflammatory indices recently, confirming that inflammatory index was closely related to the prognosis of many tumors [26, [28] [29] [30] [31] . CRP is mainly produced by liver cells. Its rapid increase in serum concentration is related to tumor necrosis factor α (TNF-α), interleukin 6 (IL-6) and other proinflammatory cytokines [32] . These proinflammatory cytokines accelerate angiogenesis, which in turn enhances the progression and metastasis of malignant tumors [33, 34] . ALB is closely related to nutritional status, which is a good indicator of immune status. In addition, malnutrition is closely related to the decrease of immune function, which weakens the body's anti-tumor immunity. Based on the above theory, a series of studies have confirmed that CRP and ALB are significantly associated with the prognosis of various tumors [35] [36] [37] , including GC [33, 38] . CRP/ALB, the combination of CRP and ALB, is closely related to the prognosis of many tumors [6, 28, 39, 40] and is superior to other traditional inflammatory indices. Previous studies showed that in response to the inflammation, the body responds by synthesizing a large number of cytokines. These include interleukins and tumor necrosis factors that down-regulate, decrease, plasma concentrations of albumin and prealbumin [41] . In addition, prealbumin are also associated with nutritional condition [42] . Therefore, assay of serum TTR concentration is recommended by some investigators as a screening marker for inflammation, malnutrition, or both [43] . Many scholars have found that PALB is related to the prognosis of tumors. Kawai analyzed preoperative PALB levels in 44 non-small cell lung cancer (NSCLC) patients and found that low PALB was significantly associated with early postoperative recurrence, even in patients with early-stage tumors [13] . HongFei and Huabang found that preoperative PALB levels could effectively predict the long-term prognosis of patients with intrahepatic cholangiocarcinoma [12, 44] . In addition, PALB is superior to ALB in nutritional assessment [8] ; therefore, based on this theoretical advantage, CRP/PALB may be superior to CRP/ ALB for tumor prognosis.
At present, the correlation between inflammatory indices and tumor recurrence has attracted more and more attention from scholars. Gennaro used propensity score matching to analyze patients with early colon cancer and found that NLR is closely related to postoperative recurrence [45] . A retrospective study conducted by Mohammad found that SII is an independent risk factor for postoperative recurrence in patients with pancreatic cancer [46] . Kentaro reported that preoperative ALB is closely associated with postoperative recurrence of NSCLC [37] . In GC, Powell and mohri respectively confirmed that mGPS and GPS were related to recurrence [47, 48] . This study, for the first time, innovatively used PALB in place of ALB, combined with CRP, to construct a new inflammatory index: CRP/PALB. We also aimed to explore if preoperative elevated CRP/PALB was related to postoperative recurrence in GC patients. Our current study found a strong correlation between HCP and many poor clinical features. In addition, multivariate analysis showed that CRP/PALB, not CRP/ALB, was associated with RFS. CRP/PALB also had the highest AUC and C-index when compared with the other inflammatory indices, including CRP/ALB. What's more, model including CRP/PALB is superior than that constructed without CRP/PALB in predicting recurrence after radical gastrectomy.
For patients with recurrence after radical gastrectomy, long-term survival is not optimistic. However, few studies related to PRS have been reported. Lee conducted a followup of 386 patients with postoperative recurrence of GC, revealing a median survival of 8.4 months after recurrence and a close correlation between the Lauren classification and PRS [49] . The current study demonstrated that preoperative HCP is associated with DM, LN and LR. Moreover, preoperative HCP significantly reduced the PRS, especially in p stage III patients and in patients with DM and LR. Therefore, based on the findings of this study, we believe that patients with preoperative CRP/PALB ≥ 17.7 should be followed-up closely, especially in p stage III patients. Additionally, patients with HCP should be given aggressive treatment after recurrence to improve PRS, especially in p stage III patients and in patients with DM or LR.
Several limitations remain in our present study. First, this is a single-center study with a small sample size. Second, it lacks basic research to explore the detailed mechanism for how CRP/PALB is involved in the recurrence of GC. Third, we did not analyze the impact of chemotherapy on recurrence patterns. Forth, this is an exploratory analysis and a multicenter validation study is warranted. Nevertheless, the current study found that preoperative CRP/PALB is superior to the other inflammatory indices and closely related to RFS. Though the follow-up time is short for our cohort, most of the patients with GC will occur recurrence within 2 years after radical gastrectomy, which makes our research still have certain clinical significance.
Conclusion
The prediction value of preoperative CRP/PALB for the recurrence of GC after radical resection is significantly better than other traditional inflammatory indices. Patients with HCP are more likely to have DM, LN and LR than patients with LCP. HCP significantly reduces the PRS of patients with p stage III or patients with DM or LR. These patients are more likely to benefit from a rigorous follow-up strategy.
